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Long-term increases in plasma fibrinogen levels of 1 g/liter are associated with an approximate doubling of risk of major cardiovascular disease outcomes, but causality remains uncertain. To quantify cross-sectional associations of fibrinogen levels with established risk factors and other characteristics, the investigators combined individual data on 154,211 apparently healthy adults from 31 prospective studies conducted between 1967 and 2003, using a linear mixed model that included random effects at the cohort level. Fibrinogen levels increased with age and showed continuous, approximately linear relations with several risk markers and slightly curvilinear associations with log triglycerides, albumin, and tobacco and alcohol consumption. Female sex, Black ethnicity, lower socioeconomic status, and alcohol abstinence were each associated with modestly higher fibrinogen levels. Approximately one third of the variation in fibrinogen levels was explained by cohort, age, and sex. An additional 7% was explained by established risk factors (notably, positive associations with smoking and body mass index and an inverse association with high density lipoprotein cholesterol), and a further 10% was explained by inflammatory markers (notably, a positive association with C-reactive protein). The association with body mass index was twice as strong in women as in men, whereas the association with smoking was much stronger in men. These findings substantially advance understanding of the correlates and possible determinants of fibrinogen levels. association; cohort studies; fibrinogen; meta-analysis; prospective studies; risk factors Abbreviations: BMI, body mass index; FSC, Fibrinogen Studies Collaboration; HDL, high density lipoprotein; LDL, low density lipoprotein.
Fibrinogen is the major coagulation protein in blood by mass; it is the precursor of fibrin and an important determinant of blood viscosity and platelet aggregation (1) . The Fibrinogen Studies Collaboration (FSC) involves combined analyses of individual data from 31 prospective studies of plasma fibrinogen levels in 154,211 adults without known cardiovascular diseases at an initial baseline examination. FSC investigators have previously reported that a long-term increase of 1 g/liter in plasma fibrinogen level is associated with an approximate doubling in risk of major cardiovascular disease outcomes (such as coronary heart disease and stroke) and of aggregate nonvascular mortality (mainly comprising cancer deaths) (2); causality, however, remains uncertain (3) . Associations of fibrinogen levels with coronary heart disease or stroke were reduced substantially in the FSC after adjustments were made for measured levels of several established cardiovascular disease risk factors (2) , and genotypes that influence fibrinogen levels are not strongly related to coronary heart disease risk (4, 5) . However, because selective fibrinogen-lowering agents are not yet available, the issue of causality (or, at least, reversibility of risk) has not been specifically addressed in randomized trials (6, 7) .
To conduct a comprehensive and powerful quantitative assessment of the correlates of fibrinogen level, we analyzed cross-sectional associations of fibrinogen levels with biochemical, lifestyle, and other characteristics in 154,211 adults without known cardiovascular disease at baseline from 31 largely population-based prospective studies (1, 2) .
The size and detail of the FSC data set permitted precise estimates of the age-and sex-specific associations of plasma fibrinogen with several established and emerging cardiovascular disease risk factors under different circumstances, thereby advancing understanding of the possible determinants of fibrinogen level (particularly behavioral and lifestyle correlates that could represent nonpharmacologic ways of lowering fibrinogen level) and of the scope of potential confounding in epidemiologic studies. To limit possible biases, the present meta-analysis involved only within-study comparisons.
MATERIALS AND METHODS

Study participants
The FSC has been described in detail previously (1, 2) . Long-term (mostly population-based) prospective studies that recorded fibrinogen levels and cardiovascular disease outcomes in essentially healthy populations were identified through database searches and discussions with authors of relevant reports. Individual data on fibrinogen levels, age, sex, a range of other covariates, major incident cardiovascular morbidity, and cause-specific mortality were supplied on 155,827 adults without known cardiovascular disease from 31 studies conducted between 1967 and 2003. As in previous FSC reports (2, 8) , the primary analyses were restricted to 154,211 participants with baseline fibrinogen values less than or equal to 5.62 g/liter, in order to avoid possible distortions arising from acute-phase reactions among persons with fibrinogen values in the highest 1 percent of levels (9) (although supplementary analyses also included these participants). Data cleaning and harmonization procedures maximized the comparability of coding across studies (particularly for categorical variables for which data were collected in different ways, such as physical activity and socioeconomic status). Any queries arising were referred back to the collaborators before the common database was finalized. Contributing studies were all based in the Northern Hemisphere, so calendar seasons, calculated from the dates of baseline blood collection, were defined as follows: winter, December-February; spring, March-May; summer, June-August; and autumn, September-November. As in previous reports (2, 8) , fibrinogen assay methods were grouped as follows: 1) clotting time (i.e., Clauss assays: 18 cohorts); 2) clot weight (i.e., clot weight, Swain, or Blomback assays: three cohorts); or 3) nonclot methods using various immunologic assays (i.e., nephelometry, turbidometry, or electroimmunoassay: 10 cohorts).
The FSC has received institutional review board approval from the Cambridgeshire Research Ethics Committee (Cambridgeshire, United Kingdom). In addition, each of the 31 studies included has been previously published, and each received local institutional review board approval and consent from participants.
Statistical analysis
Unadjusted Pearson correlation coefficients pooled across cohorts by random-effects meta-analysis of Fisher's z-transformed cohort-and sex-specific correlation coefficients were initially used for descriptive summaries. Thereafter, changes in coefficients of determination (r 2 ) in multivariable adjusted models (described below) were used to quantify the proportion of variance in fibrinogen explained by risk factor(s) over and above the effects of cohort, age, and sex. Because only one type of assay was used to measure fibrinogen levels in each cohort, it was not possible to directly assess the effect of assay method independently of any cohort effects. Hence, the extent to which assay method contributed to variation in fibrinogen levels was assessed using a nested analysis-of-variance model, testing whether differences in mean fibrinogen levels were greater within a group of studies using similar assay methods than across studies using different assay methods (i.e., cohort effect nested within assay). Associations of fibrinogen levels with other characteristics were then assessed using a linear mixed model that included random effects at the cohort level. The main effect of cohort was modeled as a separate fixed effect. Continuous variables were divided into tenths based on the overall distribution in males and females combined. This approach allowed assessment of the shape of any association with fibrinogen without imposing any particular shape on the association a priori. The fixed effects in each model were: cohort, age, age 2 , sex, age 3 sex, age 2 3 sex, risk-factor tenth, risk-factor tenth 3 sex, and risk-factor tenth 3 age (where 3 denotes an interaction). Coefficients that were allowed to vary randomly across cohorts were: age, age 2 , sex, and risk-factor tenth (entered as a continuous variable). The latter allows for an arbitrary overall shape of the association but constrains individual cohort departures from the overall shape to depend linearly on the level of the risk factor. Natural logarithms were used to achieve approximately symmetrical distributions for positively skewed variables. Categorical variables were modeled similarly to the risk-factor tenths, except that dummy variables were also used in the random part, since there was no natural monotonic ordering of the categories.
From each fitted mixed model, overall adjusted mean values and 95 percent confidence intervals for fibrinogen level by sex within tenths of continuous markers, or within category for categorical variables, were obtained with age fixed at 50 years (with supplementary analyses adjusted to ages 65 and 80 years). We used these adjusted mean values to assess the shape of the association by plotting the mean fibrinogen level against the mean marker value within each tenth. An inverse-variance weighted polynomial was superimposed across the adjusted means to assess whether the overall association was consistent with a linear shape or a quadratic shape. To assess associations with fibrinogen levels after adjustment for measured levels of risk factors and other characteristics, we fitted a multiple linear mixed regression model. Because of missing data, it was not possible to simultaneously assess the multivariable adjusted associations with all of the characteristics listed in table 1. Therefore, we fitted two models: 1) a model using data sets from 18 cohorts with complete data for fibrinogen, age, sex, body mass index (BMI; weight (kg)/height (m) 2 ), systolic blood pressure, total cholesterol, high density lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol, smoking status, season, ethnic group, diabetes history, and alcohol consumption (n ¼ 89,226); and 2) a model using data from four cohorts with information on C-reactive protein level in addition to the above variables (n ¼ 5,569), created because C-reactive protein appeared to be the strongest correlate in univariate models. Analyses were restricted to characteristics recorded in at least 5,000 participants. Table 1 summarizes characteristics of the 154,211 persons without known cardiovascular diseases at baseline, including sex-specific summaries derived only from cohorts involving both men and women, to avoid any confounding by study (cohort-specific summaries are provided in Web table 1, which is posted on the Journal's website (http:// www.aje.oxfordjournals.org)). All participants had full data on fibrinogen, age, sex, BMI, systolic blood pressure, total cholesterol, smoking history, and season. A total of 89,226 participants (from 18 studies) had data on these core variables plus full data on diastolic blood pressure, HDL cholesterol, LDL cholesterol, ethnic group, diabetes history, and alcohol consumption. Of those with data on all of the above variables, the numbers with additional data on either triglycerides, leukocyte count, albumin, lipoprotein(a), or history of hypertension were between 39,054 and 75,219. Data on C-reactive protein were available for 7,010 participants from six cohorts. Figure 1 shows sex-specific overall mean fibrinogen levels by cohort and assay method, as well as sex-specific mean levels in 5-year age bands adjusted for cohort and then further adjusted for BMI. There was almost twofold variation in the cohorts in relation to the highest (4.14 g/liter) and lowest (2.32 g/liter) mean fibrinogen values. Mean fibrinogen levels, however, were just as diverse within studies that used similar assay methods as across studies that used different assay methods (nested analysis of variance: p ¼ 0.29 for test of assay mean differences relative to variation between cohorts within assay), underscoring the contribution of other study-level characteristics to this heterogeneity. Fibrinogen levels increased with age and were higher in females than in males, with the mean difference, adjusted to age 50 years, being 0.12 g/liter (figure 1). C-reactive protein was the strongest correlate of fibrinogen among the continuous variables (Pearson correlation: r ¼ 0.49), with Pearson correlation coefficients for other characteristics ranging between ÿ0.13 for HDL cholesterol and 0.22 for leukocyte count (table 1) .
RESULTS
Figures 2 and 3 plot mean fibrinogen levels by sex, adjusted to age 50 years, against mean values within tenths of several established cardiovascular disease risk factors and inflammatory markers, generally demonstrating continuous and approximately linear associations, apart from slightly curvilinear relations with log triglycerides, albumin, amount of smoking (number of cigarettes smoked per day), and amount of alcohol drinking (number of drinks consumed per day) (Web table 2, posted on the Journal's website (http://www.aje.oxfordjournals.org)), provides numerical details). Among males, the differences in fibrinogen values in the extreme tenths of these continuous characteristics ranged from as little as 0.08 g/liter for lipoprotein(a) to 1.19 g/liter for C-reactive protein; among females, such differences ranged from 0.10 g/liter for lipoprotein(a) to 0.92 g/liter for C-reactive protein. The shapes of these associations were similar in analyses adjusted to age 65 years (see Web figures 1 and 2, posted on the Journal's website (http://www.aje.oxfordjournals.org)), although the trends were less distinct in analyses adjusted to age 80 years because of smaller numbers (see Web figures 3 and 4, posted on the Journal's website (http://www.aje.oxfordjournals. org)). Figure 4 plots mean fibrinogen values by sex, adjusted to age 50 years, against levels of several categorical characteristics. The figure demonstrates modestly higher fibrinogen values in smokers than in nonsmokers (0.27 g/liter higher in men and 0.14 g/liter higher in women, even after adjustment for numbers of cigarettes smoked per day), in participants who provided samples during winter than in those who provided samples in other seasons (0.03 g/liter higher in men and 0.01g/liter higher in women), in non-Whites than in Whites (for men: 0.14 g/liter higher in Asians and 0.15 g/ liter higher in Blacks; for women: 0.15 g/liter higher in Asians and 0.26 g/liter higher in Blacks), in people with diabetes than in those without diabetes (0.09 g/liter higher in men and 0.17 g/liter higher in women), and in alcohol abstainers than in alcohol drinkers (0.11 g/liter higher in men and 0.15 g/liter higher in women). Fibrinogen levels were also somewhat higher in unemployed people (0.09 g/ liter higher in men without a job and 0.02 g/liter higher in women without a job than among those in manual or nonmanual employment), in people with less education (0.15 g/ liter higher in men and 0.20 g/liter higher in women with only primary schooling compared with those with a university education), in less physically active people (0.16 g/liter higher in men and 0.15 g/liter higher in women compared with physically active persons), and in people with a history of hypertension (0.09 g/liter higher in men and 0.17 g/liter higher in women) (numerical details are provided in Web table 3, posted on the Journal's website (http://www.aje. oxfordjournals.org)). Web figures 5 and 6, posted on the Journal's website (http://www.aje.oxfordjournals.org), plot similar findings in analyses adjusted to ages 65 and 80 years, respectively, though the differences tended to become attenuated with increasing age. In these models, adjusted for associations with cohort, age, and sex (which explained approximately one third of the variation in fibrinogen), even the strongest correlates of fibrinogen level each accounted for only a relatively small increment in the percentage of variation explained-such as C-reactive protein (14.9 percent), leukocyte count (4.5 percent), cigarette smoking (2.5 percent), BMI (1.4 percent), and HDL cholesterol (1.4 percent) (see Web table 4, posted on the Journal's website (http://www.aje.oxfordjournals.org)). Table 2 extends the above analyses by displaying results from a multivariable model assessing the mutually adjusted associations with fibrinogen level using data on 89,226 participants from 18 studies. These participants had complete data on fibrinogen, age, sex, BMI, systolic blood pressure, total cholesterol, HDL cholesterol, LDL cholesterol, smoking, * To avoid confounding by cohort when comparing estimates for males and females, the sex-specific summaries were calculated using only data from cohorts that included both sexes. y SD, standard deviation; CI, confidence interval. z Pearson correlation coefficient for the correlation between fibrinogen level and the row variable, pooled across cohorts by random-effects meta-analysis. For calculation of r, ethnic group was coded as White vs. non-White; season was coded as winter vs. all other seasons; occupation was coded as not working vs. all other statuses; and education was coded as primary schooling vs. secondary and university schooling.
§ For the variables smoking history and alcohol drinking, yes ¼ current use and no ¼ never or former use. { Weight (kg)/height (m) 2 . # Geometric mean values for these log-transformed variables in the total sample were: triglycerides, 1.37 mmol/liter; leukocyte count, 5.91 3 10 9 cells/liter; lipoprotein(a), 20.5 mg/dl; and C-reactive protein, 1.57 mg/ dl. For the sex-specific summaries using data from cohorts that included both sexes, the geometric mean values (males vs. females) were: triglycerides, 1.42 vs. cohorts might be observed as inverse. For women, the 95 percent range of values would be 0.025 AE 1.96 3 0.010, which is 0.005 to 0.045, suggesting that it would be unlikely to observe an inverse association of fibrinogen with BMI in a single large cohort.
When log C-reactive protein was added to the multivariable model in table 2 (using data on 5,569 persons from four cohorts who had full information on all of these variables), the model explained 53 percent of the variance in fibrinogen level, of which 36 percent was attributable to associations with cohort, age, and sex; 7 percent to associations with BMI, HDL cholesterol, LDL cholesterol, systolic blood pressure, smoking, season, ethnic group, alcohol consumption, total cholesterol, and diabetes history; and a further 10 percent to C-reactive protein. Alternatively expressed, nonmodifiable factors (i.e., cohort, age, sex, ethnic group, and season) explained 37 percent of the variation in fibrinogen levels, while potentially modifiable factors (i.e., BMI, HDL cholesterol, LDL cholesterol, systolic blood pressure, smoking, alcohol consumption, total cholesterol, diabetes history, and C-reactive protein) explained a further 16 percent of the variation after adjustment for nonmodifiable factors. Thus, Mean for tenths of risk factor FIGURE 2. Mean fibrinogen levels, adjusted to age 50 years, within tenths of cardiovascular disease risk factors (continuous variables) in males (black diamonds) and females (gray squares), plotted against the mean of the risk factor values in each tenth for assessment of the shape of the association with fibrinogen. Tenths of each risk factor were defined on the basis of the distribution in males and females combined to allow for comparison between sexes with the same levels of the risk factor. Note that the overall mean fibrinogen value in each graph depends on which cohorts were included in the analysis that provided data for the relevant risk factor (see Web table 1, which is posted on the Journal 's website (http:// www.aje.oxfordjournals.org)). BMI, body mass index (weight (kg)/height (m) approximately 70 percent of the explained variation in fibrinogen levels was attributable to nonmodifiable factors and approximately 30 percent to potentially modifiable factors.
DISCUSSION
This meta-analysis of individual data on 154,211 adults without known cardiovascular diseases from 31 prospective studies precisely quantified cross-sectional associations of fibrinogen levels with several established and emerging cardiovascular disease risk factors and other characteristics under different circumstances (e.g., in men and women, at different ages, and at different fibrinogen levels). Approximately one third of the variation in fibrinogen levels was accounted for by age, sex, and cohort (with the latter being a proxy for differences in population characteristics and fibrinogen assay methods). An additional 7 percent of the variation was explained by several risk factors (notably cigarette smoking, BMI, and HDL cholesterol), and a further 10 percent was explained by inflammatory markers (notably Creactive protein). Inflammatory markers accounted for a somewhat larger fraction of the variation in fibrinogen levels than did other characteristics, partly because levels of fibrinogen and C-reactive protein vary together in people in response to acute-phase reactions, whereas most noninflammatory markers principally have only long-term average associations with fibrinogen. Fibrinogen levels showed continuous, approximately linear relations with most measured continuous variables, except for slightly curvilinear Mean for tenths of risk factor FIGURE 3. Mean fibrinogen levels, adjusted to age 50 years, within tenths of inflammatory markers (continuous variables) in males (black diamonds) and females (gray squares), plotted against the mean of the risk factor values in each tenth for assessment of the shape of the association with fibrinogen. Tenths of each risk factor were defined on the basis of the distribution in males and females combined to allow for comparison between sexes with the same levels of the risk factor. Note that the overall mean fibrinogen value in each graph depends on which cohorts were included in the analysis that provided data for the relevant risk factor (see Web table 1, posted on the Journal 's website (http:// www.aje.oxfordjournals.org)). Because of tied values, the second and third tenths and the fourth, fifth, and sixth tenths of leukocyte count coincided, yielding missing values for adjusted means in the figure. Bars, 95% confidence interval.
associations with log triglycerides, albumin, and amount of tobacco or alcohol used. Female sex, low socioeconomic status, Black ethnicity, and alcohol abstinence were each associated with modestly higher fibrinogen levels. The present findings substantially advance our understanding of the correlates and possible determinants of fibrinogen levels.
Age, sex, and cohort
The present data demonstrate that fibrinogen levels increase with age, in both middle-aged and elderly participants, perhaps because they are indicators of increasing atherothrombotic activity (10, 11) . Although the present data indicate that mean fibrinogen levels are approximately 0.16 g/ liter higher in women than in men after adjustment for several established risk factors (10, (12) (13) (14) (15) , it has been suggested that at least part of this apparent sex difference is due to greater dilution of citrated blood samples in men (who tend to have higher hematocrit values than women) (9, 16) . In preliminary studies that have used dry potassium edetate as an anticoagulant (which should help to avoid dilution by liquid sodium citrate), investigators have reported no discernible differences in fibrinogen levels by sex (9, 17); it was not possible to test this possibility in the FSC, because hematocrit values were generally not available. Since we observed that the diversity in fibrinogen levels was just as great within studies z Because of rounding, the female ÿ male differences in slope shown may not be exactly the same as those obtained by direct subtraction of the rounded-off slope coefficients for females and males.
§ The cohort random-effect standard deviation summarizes the variability of the risk factor association with fibrinogen across cohorts. For example, the average effect of body mass index across cohorts in men was an increase in fibrinogen of 0.013 g/liter per 1-kg/m 2 increase in body mass index, and the 95% range of values expected for individual cohorts can be estimated to be 0.013 6 1.96 3 0.010, which is ÿ0.007 to 0.033.
{ Weight (kg)/height (m) 2 . # The between-cohort standard deviation for the effect of ethnic group was not estimated, since the model did not converge when a random effect for ethnic group was included in the model (most cohorts were homogeneous with respect to ethnic group).
using similar assay methods as across studies using different assay methods, the heterogeneity in fibrinogen levels in the FSC probably chiefly reflects differences in population characteristics (17) (18) (19) and the lack of an agreed-upon fibrinogen standard (9) prior to its introduction by the World Health Organization in 1992 (20) (21) (22) . (A previous FSC study found that associations of fibrinogen levels with risk of coronary heart disease or stroke did not vary importantly by assay method used (2) .) The current analyses were stratified by (or adjusted for) cohort, thereby accounting for any effect of fibrinogen assay methods on age, sex, or risk factor associations.
Inflammatory markers C-reactive protein was the strongest correlate of fibrinogen levels; there were somewhat weaker associations with other inflammatory markers, such as leukocyte count and, inversely, albumin (a negative acute-phase reactant). Like fibrinogen levels, levels of these other ''downstream'' markers of inflammation (23, 24) are governed by proximal mediators of inflammatory cascades, such as the cytokine interleukin-6 (25, 26) . Therefore, the present data are consistent with suggestions that variability in fibrinogen levels is partly explained by low-grade inflammatory responses to environmental stimuli (such as the behavioral and lifestyle characteristics described below) (3).
Tobacco and alcohol use and physical activity
The present data demonstrate that overall mean fibrinogen levels were higher in current smokers than in other persons after multivariate adjustment, with the impact of smoking on fibrinogen in men (0.29 g/liter higher) being approximately double that in women (0.15 g/liter higher), even after adjustment for numbers of cigarettes smoked per day (27) . Smoke-induced inflammation of the lungs and other organs, mediated by proinflammatory cytokines, results in a generalized, dose-dependent increase in circulating inflammatory markers (28) (29) (30) , a process which is slowly reversible after years of smoking cessation (28) (29) (30) . It is likely, therefore, that active tobacco smoking is a causal mechanism for increased fibrinogen levels in the general population. The present data do not, however, address the separate issue of passive smoking. Overall fibrinogen levels were approximately 0.08 g/liter lower in alcohol drinkers than in alcohol abstainers after multivariate adjustment, with a curvilinear association being observed with increasing consumption. Overall fibrinogen levels were approximately 0.16 g/liter higher in less physically active people than in active participants. It has been suggested that the association of fibrinogen with alcohol consumption and physical activity might also be mediated by inflammatory cascades (31, 32) .
Obesity, blood lipids, diabetes, and hypertension Fibrinogen levels were positively correlated with BMI, other components of the ''metabolic syndrome'' (such as blood pressure, triglycerides, and low HDL cholesterol), and a history of diabetes or hypertension. The association of BMI with fibrinogen levels in women was approximately twice as strong as that in men. It is proposed that proinflammatory cytokines (such as interleukin-6, tumor necrosis factor a, and leptin) mediate these associations through low-grade inflammatory responses to central adiposity (33, 34) -processes which may be reversed by increasing physical activity (32) .
Ethnicity, socioeconomic status, and season
Adjusted mean fibrinogen levels were approximately 0.12 g/liter higher in Blacks than in Whites (35) . Fibrinogen levels tended to be higher in persons without employment and persons with lower levels of education. Contrary to previous suggestions (13, 36) , the winter season was only weakly correlated with fibrinogen levels in the present analysis, perhaps partly because the timing of the onset of winter varied among different cohorts (despite all studies' being from the Northern Hemisphere). The large variation among cohorts in the present analysis in associations of fibrinogen with the winter season is consistent with such a source of heterogeneity.
Strengths and limitations
The present report provides precise, reliable, and comprehensive assessments of several cross-sectional correlates of fibrinogen levels through meta-analysis of individual data on 154,211 adults from 31 largely population-based prospective cohorts. To our knowledge, the FSC includes data from all long-term prospective studies that have reported on fibrinogen levels and cardiovascular disease outcomes in essentially healthy populations (i.e., studies that did not select participants on the basis of preexisting diseases), and it encompasses and builds on relevant previously published studies on the correlates of fibrinogen (12-15, 35, 37-41) . In contrast with some previous investigations, the present meta-analysis should have minimized any impact of preexisting cardiovascular diseases, because it involved only participants without known cardiovascular disease. Subsidiary findings in participants who remained free of cardiovascular disease for at least 5 years after the baseline examination were very similar to the overall results (data available upon request), further reducing the scope of any possible ''reverse association'' biases. Findings were also very similar in subsidiary analyses including the 1,616 (1 percent) participants with fibrinogen values greater than 5.62 g/liter (data available upon request). However, because the present analyses were restricted to characteristics for which there were available data on at least 5,000 participants, we could not investigate proximal inflammatory mediators, hemostatic factors, markers of glycemic status, dietary factors, or psychological characteristics in this study (42) . Moreover, information on genetic factors, which have been suggested to explain at least 15 percent of the variation in fibrinogen levels (42) (43) (44) , was not recorded in the FSC. Measurement error in both fibrinogen levels and correlates could contribute to part of the unexplained variation in the present analysis, but the impact of correction for measurement error could not be appropriately assessed because repeat measurements were available for only a narrow range of covariates.
Conclusions
Fibrinogen levels are correlated with several established cardiovascular disease risk factors, but modifiable lifestyle characteristics (such as smoking, alcohol consumption, physical activity, and obesity) together explain only a few percent of the total variation in fibrinogen levels. Even in aggregate, all of the variables considered in this review explained only about one half of the total variation in fibrinogen levels. This suggests that 1) the potential for altering fibrinogen levels through known lifestyle modifications is probably modest and 2) the scope of confounding in observational studies of fibrinogen levels and chronic disease outcomes appears to be considerable, as suggested by the many known correlates of fibrinogen (only some of which are typically measured and adjusted for) and the likely existence of as-yet-unrecognized determinants. These considerations underscore the need for approaches in the etiologic assessment of fibrinogen levels that can minimize residual biases, including the use of appropriately adjusted models in studies assessing fibrinogen as a risk factor.
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